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http://dx.doi.org/10.1016/j.pedneo.2
1875-9572/Copyright ª 2014, TaiwanBackground: The Neonatal Therapeutic Intervention Scoring System (NTISS) is used to indicate
disease severity for neonates who need intensive care. We examined the ability of serial NTISS
scores to predict mortality in very-low-birth-weight preterm infants.
Methods: We reviewed the medical records of all preterm infants that had a birth weight of
<1500 g and were admitted to a neonatal intensive care unit from 2007 to 2011. We calculated
the NTISS scores at 24 hours, 48 hours, and 72 hours after admission, and assessed the predic-
tive power for mortality using receiver-operating characteristic curve and area under the curve
analysis. We also constructed a predictive model with gestational age, birth weight, and NTISS
scores to predict mortality in these very-low-birth-weight infants.
Results: In total, 172 infants were enrolled into this study. Eighteen (10.5%) infants died in
the first 7 days after birth. The area under the curve of the NTISS score was 0.913 at 24
hours, 0.955 at 48 hours, and 0.958 at 72 hours. However, there was no significant difference
in the overall average NTISS scores between 48 hours and 72 hours. The NTISS score at 48
hours was a better predictor of mortality than that at 24 hours after admission. Combining
gestational age, birth weight, and NTISS score at 48 hours, birth weight was found to
contribute little to the predictive power of mortality. The model with gestational age and
NTISS score at 48 hours had a better predictive power than the NTISS score alone (area under
the curve Z 0.99).eonatology, Department of Pediatrics, Kaohsiung Medical University Hospital, Number 100, Tzyou 1st
h.org.tw, chenhl.chency@msa.hinet.nwt (H.-L. Chen).
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NTISS scores in VLBW infants 109Conclusion: The NTISS score at 48 hours seemed to be effective to predict mortality in pre-
term infants whose birth weight was less than 1500 g. In addition, gestational age played a
more important role in predicting mortality than birth weight.
Copyright ª 2014, Taiwan Pediatric Association. Published by Elsevier Taiwan LLC. All rights
reserved.1. Introduction
Over the past few decades, effort has been devoted to
treatment and interventions for very-low-birth-weight
(VLBW) infants. However, as the proportion of preterm
and VLBW infants has increased, the overall mortality rate
has reached a plateau.1e3 Nevertheless, preterm and low
birth weight are still important risk factors of infant mor-
tality and neonatal death.2,3
The Neonatal Therapeutic Intervention Scoring System
(NTISS) is used to indicate disease severity in neonates
requiring intensive care.4 It was created based on treat-
ment and interventions, such as respiratory therapies,
cardiovascular treatments, drug therapies, vascular access,
monitoring, and metabolic and nutritional therapies, rather
than on pathophysiological measurements, such as the
Clinical Risk Index for Babies (CRIB II), Score for Neonatal
Acute Physiology (SNAP), and Score for Neonatal Acute
Physiology-Perinatal Extension.5e7 In addition, the NTISS
scores have been used to calculate the weighted total score
of interventions during the first 24 hours after admission to
a neonatal intensive care unit (NICU).4 The ability of the
NTISS score assessed 24 hours after admission to predict
mortality in both term and preterm neonates has been re-
ported to be good.4,8 However, it is not clear whether the
sequential NTISS scores at different time points can predict
the mortality rate with the same accuracy in VLBW
neonates.
The goal of the present study was to evaluate whether
the sequential NTISS scores at different time points after
admission to a NICU could predict mortality in VLBW
infants.
2. Methods
All preterm infants (born with or outside the hospital) with
a birth weight of less than 1500 g who were admitted to the
NICU at Kaohsiung Medical University Hospital from 2007 to
2011 were included in this study. The medical records of
these VLBW infants were retrospectively reviewed. The
infants who died within 7 days after admission were clas-
sified as the mortality group. Those who died after 7 days
were excluded. In addition, the infants whose parents
decided not to receive any intervention and signed a “do
not resuscitation” agreement after birth were also
excluded.
Maternal, perinatal, and neonatal data were retrieved
from the medical records. The Pearson chi-square test or
Fisher’s exact test was used as appropriate to compare
between the categorical variables of the mortality andsurvival groups. If the variable was continuous, two-sample
t tests were used.
The NTISS scores were calculated for the eligible pa-
tients at 24 hours, 48 hours, and 72 hours after admission.
In the mortality group, if the patients died within 24 hours,
we calculated the sum of the weighted intervention scores
from the NTISS during a 24-hour period. The NTISS scores at
48 hours and 72 hours were removed from subsequent
analysis. Similarly, if the patients lived for more than 24
hours and died within 48 hours, the NTISS score at 72 hours
was removed from further analysis. The CRIB II scores of the
enrolled infants were also calculated. We conducted anal-
ysis of variance (ANOVA) and two-sample t tests to compare
the differences in the NTISS scores at the three different
time points, and the CRIB II scores between the two groups.
In addition, one-way ANOVA was used to assess the differ-
ences within each NTISS score at 24 hours, 48 hours, and 72
hours. If the value showed a statistical significance, post
hoc analysis with Tukey’s HSD (Honestly Significant Differ-
ence) test was performed. We further performed multiple
logistic regression analysis with the significant variables of
perinatal and neonatal characteristics and the NTISS score.
The predictive power for mortality of the NTISS scores at
24 hours, 48 hours, and 72 hours; the CRIB II score; gesta-
tional age; and birth weight of the VLBW infants was
assessed by logistic regression and receiver operating
characteristic curve analysis. The area under the curve
(AUC) and the optimal cutoff values with best combined
sensitivity and specificity were obtained for each factor. A
p value of <0.05 meant that this variable was significantly
related to the incidence of death. This meant that the AUC
value of this variable was significantly different from 0.5,
and had excellent discrimination and good predictive abil-
ities. A p value of >0.05 meant that this variable was not
significantly related to the incidence of death in this pre-
diction model, and that the predictive ability was not
reliable. We also analyzed whether there was a statistical
difference between each significant variable for predicting
mortality, to identify the best predictors.
Two multiple logistic regression models were con-
structed in order to find a better model to predict mortality
in VLBW infants. In the first model, gestational age, birth
weight, and the NTISS score at 48 hours were included, and
the second model included the NTISS score at 48 hours and
the CRIB II score. A p value of <0.05 was considered to
indicate statistical significance. Significant factors were
included in the model and nonsignificant factors were
excluded. Receiver operating characteristic and AUC ana-
lyses were also performed. All statistical analyses were
performed using JMP software version 10 (SAS Institute Inc.,
Cary, North Carolina, USA).
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A total of 172 preterm infants with a birth weight of
<1500 g were eligible for the study. The basic charac-
teristics of these infants are shown in Table 1. Among all
172 infants, 18 (10.5%) died within the first 7 days after
birth. In the mortality group, seven patients died within
24 hours, and eight lived for more than 24 hours but died
within 48 hours. Overall, 31.2% of the survival group and
66.7% of the mortality group were outborn patients
(p Z 0.007). Seventy-three of 154 infants (47.4%) in the
survival group, and nine of 18 infants (27.8%) in the
mortality group received prenatal steroids (p Z 0.138)
(Table 1).
Infants in the mortality group had a younger gestational
age, lower birth weight, and lower Apgar score at 1 minute
and 5 minutes as compared with the survival group (all
p < 0.001). Body temperature at arrival in the mortality
group was lower than that in the survival group (p < 0.001),
and the pH and pCO2 levels of the first blood gas exami-
nation drawn after admission were statistically significantly
different between the survival group and the mortality
group (pZ 0.005 and p < 0.001, respectively). The rates of
using invasive mechanical ventilation after birth andTable 1 Perinatal and neonatal characteristics, and the NTISS s
Characteristics* Survival (n Z 154)
Maternal age > 35 y 23 (14.9)
PROM 18 (31.2)
Maternal PIH 36 (23.4)
Male 79 (51.3)
Gestational age (wk) 29.62  2.6
Birth weight (g) 1179.91  235.4
SGA 56 (36.4)
Outborn 48 (31.2)
Apgar score at 1 min 5.40  1.7
Apgar score at 5 min 7.38  1.3
Prenatal steroids 73 (47.4)
Body temperature at arrival (C) 35.72  0.6
Blood gas
pH 7.25  0.1
pO2 (mmHg) 66.88  31.8
pCO2 (mmHg) 52.45  13.8
HCO3
e (mmol/L) 22.27  3.4
Use of invasive mechanical ventilation 69 (44.8)
Use of surfactants 38 (24.7)
24 h NTISSx 19.35  4.9
48 h NTISSjj 22.97  5.4
72 h NTISS{ 24.45  5.6
CRIB II 7.02  2.8
CRIB II Z Clinical Risk Index for Babies; NTISS Z Neonatal Therape
pertension; PROM Z prolonged rupture of membranes; SD Z standar
* Continuous variables presented as mean  SD, and categorical va
y The p values are from Fisher exact test (2-tailed) or chi-square
continuous variables. A p value of <0.05 indicates statistical significa
z Adjusted p values are from nominal logistic regression analysis aft
factors.
x NTISS score at 24 hours.
jj NTISS score at 48 hours.
{ NTISS score at 72 hours.exogenous surfactants were also higher in the mortality
group (both p < 0.001) (Table 1).
The average NTISS scores at 24 hours, 48 hours, and 72
hours after admission and the CRIB II score were all sta-
tistically significantly higher in the mortality group than
those in the survival group (all p < 0.001) (Table 1). The
overall average NTISS scores at 24 hours, 48 hours, and 72
hours after admission were 20.31  5.6, 23.82  6.2, and
24.68  5.8, respectively (p < 0.001 by one-way ANOVA). In
post hoc analysis with Tukey’ HSD test, statistically signif-
icant differences were observed between the NTISS scores
at 24 hours and 48 hours, and between the NTISS scores at
24 hours and 72 hours (both p < 0.001). However, there was
no statistically significant difference between the NTISS
scores at 48 hours and 72 hours (p Z 0.391).
Variables that showed statistically significant differ-
ences (Table 1) were analyzed further using multiple lo-
gistic regression analysis. Due to high collinearity among
the NTISS scores at 24 hours, 48 hours, and 72 hours, we
removed the NTISS score at 24 hours and 72 hours from the
multiple regression analysis and used only the NTISS score
at 48 hours. Other variables, such as the use of invasive
mechanical ventilation, outborn infants, pH level, and the
use of surfactants, were also removed because they werecore at 24 hours, 48 hours, and 72 hours in the study infants.
Mortality (n Z 18) py Adjusted pz
3 (12.0) 0.738 d
3 (16.7) 0.279 d
1 (5.6) 0.126 d
12 (66.7) 0.319 d
24.78  1.8 <0.001 0.055
764.72  218.2 <0.001 0.850
3 (17.7) 0.119 d
12 (66.7) 0.007 d
2.61  1.7 <0.001 0.638
4.12  2.2 <0.001 0.259
5 (27.8) 0.138 d
35.27  0.4 <0.001 0.791
7.01  0.3 0.005 d
54.16  27.5 0.126 d
73.40  18.7 <0.001 0.198
20.85  3.8 0.128 d
18 (100.0) <0.001 d
14 (77.8) <0.001 d
28.56  4.9 <0.001 d
35.82  4.6 <0.001 0.047
36.67  4.2 <0.001 d
13.20  2.5 <0.001 d
utic Intervention Scoring System; PIH Z pregnancy-induced hy-
d deviation; SGA Z small-for-gestational-age.
riable as n (%).
test for categorical variables and from two-sample t test for
nce.
er adjusting for significant factors and removing high-collinearity
Figure 1 Receiver operating characteristic curves of NTISS
scores at 24 hours and 48 hours. The area under the curve of
24-hour NTISS scores was 0.91 and that of 48-hour NTISS scores
was 0.95. The NTISS score at 48 hours had a better predictive
power than that at 24 hours. * NTISS score at 24 hours. y NTISS
score at 48 hours. NTISS Z Neonatal Therapeutic Intervention
Scoring System.
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remaining significant variables (shown in Table 1) for the
multiple logistic regression analysis. Only the NTISS score at
48 hours showed a statistically significant difference be-
tween the two groups (p Z 0.047) (Table 1).
The AUC values of the eligible factors for predicting
mortality in the VLBW infants are shown in Table 2. The AUC
of gestational age had a better predictive power than birth
weight, and the AUC values for the NTISS scores at 24 hours
and 48 hours were 0.913 and 0.955, respectively, both of
which indicated an excellent predictive power for mortality
(Table 2 and Figure 1). The AUC for the NTISS score at 72
hours was 0.958. The AUC for the CRIB II score was 0.944,
which was lower than the AUCs for the NTISS scores at 48
hours and 72 hours. Although there were no statistically
significant differences among all the variables, the NTISS
scores at 48 hours and 72 hours appeared to have a better
ability to predict the probability of mortality (Table 2). The
optimal cutoff value of the NTISS score at 48 hours for
predicting mortality was 28.0, with a sensitivity of 100%
and specificity of 81.2% (p < 0.001) (Table 2).
We further constructed predictive models for mortality
of the VLBW infants. The first predictive model with
gestational age, birth weight, and NTISS score at 48 hours
was constructed using multiple logistic regression and
showed excellent predictive power (AUC Z 0.988). How-
ever, birth weight did not show statistical significance in
this model (pZ 0.533), and it was therefore excluded from
further predictive models (Table 3). A model with gesta-
tional age and NTISS score at 48 hours was then con-
structed; the AUC of this model was 0.989, with a
sensitivity of 100.0% and specificity of 96.1%. The predictive
model with gestational age and NTISS score at 48 hours had
a better predictive power than the NTISS score at 48 hours
alone (Figure 2). A model with the NTISS score at 48 hours
and the CRIB II score was further constructed, and showed
an AUC of 0.978 with a sensitivity of 100.0% and specificity
of 91.5%. As shown in Figure 2, the model with gestational
age and NTISS score at 48 hours had the best ability to
predict mortality in this study.
4. Discussion
In the current study, the NTISS scores at 48 hours and 72
hours had a better predictive ability for mortality than thatTable 2 Predictive value for mortality in the study infants.
Variables AUC Cutoff value Specificity (%)
GA 0.944 27 wk 80.5
BW 0.890 836 g 89.6
24 h NTISSy 0.913 23 79.9
48 h NTISSz 0.955 28 81.2
72 h NTISSx 0.958 32 90.3
CRIB II 0.944 11 86.0
AUCZ area under the curve; BWZ birth body weight; CRIB IIZ Clinic
Therapeutic Intervention Scoring System.
* A p value of <0.05 indicated statistical significance.
y NTISS score at 24 hours.
z NTISS score at 48 hours.
x NTISS score at 72 hours.at 24 hours in VLBW infants. However, overall, the NTISS
scores at 48 hours were not statistically different from
those at 72 hours. Combining the NTISS score at 48 hours
and gestational age, the predictive power for mortality in
these VLBW infants improved, and it was better than that
for the NTISS score at 48 hours alone.
The NTISS was designed to assess the sum of in-
terventions received by a patient within 24 hours after
admission.4 Some infants have an uneventful first 24 hours
of life, and this suggests that a dynamic, serial assessment
of the NTISS scores should be performed.9 Therefore, we
calculated the NTISS scores for VLBW infants at different
times after admission to a NICU to evaluate whether the
predictive value of the serial NTISS scores for mortality
would be improved. Our results showed that serially
assessing the NTISS scores for longer than 24 hours after
admission was appropriate.
Meadow et al10 reported that the serial SNAP II score and
caretaker intuition did not improve the predictive power of
mortality in serial assessments at 1 day, 3 days, and 7 days,
and then weekly after admission. This research cast doubt
on whether extending the duration of assessing the NTISS
scores would have an impact on the predictive power of
mortality. Thus, we excluded the infants who died after 7Sensitivity (%) p* p value between variables
100.0 <0.001 0.884
77.8 <0.001 0.980
94.4 <0.001 d
100.0 <0.001 0.671
100.0 0.006 0.663
93.3 <0.001 0.841
al Risk Index for Babies; GAZ gestational age; NTISSZ Neonatal
Table 3 Predictive value of each predictive model.
AUC Estimate p*
Model 1 0.988
Intercept 19.487
GA 1.459 <0.001
BW 0.002 0.533
48 h NTISS 0.475 <0.001
Model 2 0.989
Intercept 17.134
GA 1.254 0.003
48 h NTISSy 0.441 0.002
Model 3 0.978
Intercept 18.542
48 h NTISS 0.333 <0.001
CRIB II 0.553 0.001
AUC Z area under the curve; BW Z birth body weight; CRIB
II Z Clinical Risk Index for Babies; GA Z gestational age;
NTISS Z Neonatal Therapeutic Intervention Scoring System.
* A p value of <0.05 indicated statistical significance.
y NTISS score at 48 hours.
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tion between the causes of death and the interventions
received early after birth might have been insignificant. In
addition, we only evaluated the sequential NTISS scores at
24 hours, 48 hours, and 72 hours, and focused on the
contribution of early interventions applied within 72 hours
after birth on early mortality.
An increasing NTISS score indicates an increasing number
of interventions, and this indicates that the disease is more
severe and the probability of mortality is higher. In receiver
operating characteristic curve analysis, the AUCs of the
NTISS scores at 24 hours, 48 hours, and 72 hours were
similar, and all revealed an excellent predictive ability for
mortality. This suggests that the NTISS scores at 48 hours
and 72 hours are still valid to measure therapeutic intensity
and that they can be used as good indicators of severity of
neonatal illness.
Lagatta et al11 reported that early NICU therapy im-
proves the prediction of death prior to discharge inFigure 2 Receiver operating characteristic curves of each
predictive model. The model with gestational age and NTISS
scores at 48 hours had the best area under the curve. CRIB
IIZ Clinical Risk Index for Babies; GAZ gestational age; NTISS
Z Neonatal Therapeutic Intervention Scoring System.ventilated extremely-low-birth-weight infants more than
the information obtained from the delivery room. Green-
wood et al12 also concluded that information on the con-
dition after birth improves the prediction of mortality.
Moreover, Alleman et al13 observed that interventions
applied after admission, such as tracheal intubation and
high-frequency ventilation, were significantly associated
with early mortality or death prior to discharge. The results
of the current study were similar in that the NTISS scores at
24 hours, 48 hours, and 72 hours, which represented the
number of interventions received early after birth, showed
good predictive ability for mortality. Therefore, if VLBW
infants survive for more than 24 hours, assessment of the
NTISS scores can be extended to predict the risk for
mortality.
In the current study, the NTISS scores at 48 hours and 72
hours were not statistically different by one-way ANOVA
analysis and post hoc analysis. This suggests that the NTISS
scores at 48 hours and 72 hours were similar. Thus, the
NTISS scores at 48 hours can be considered to be a good
indicator of disease severity and predictor of mortality in
VLBW infants who are alive for more than 24 hours.
Therefore, in our further predictive model, only the NTISS
score at 48 hours was included for the analysis.
Tyson et al14 reported that the probability of mortality
can be better estimated by multiple risk factors rather than
by using only a single variable or factor. Consistent with this
report, Pollack et al15 constructed a neonatal mortality risk
prediction model with birth weight, birth weight squared,
SNAP, and a low 5-minute Apgar score (AUCZ 0.930), which
had a better predictive power than a model with body
weight alone. This suggests that a model for predicting
mortality should not simply rely on the basic characteristics
of pathophysiological factors, and also that clinical treat-
ment modality and basic characteristics should be taken
into consideration. Consequently, both therapeutic in-
tensity and physiological severity measurements such as
NTISS and CRIB can be combined to evaluate illness severity
and predict mortality.
We therefore constructed two predictive models, one
with gestational age, birth weight, and the NTISS score at
48 hours, and the other with the NTISS score at 48 hours and
the CRIB II score. We found that the predictive power of the
model with the NTISS score at 48 hours and the CRIB II score
was higher than that of the model with the NTISS score at
48 hours alone, but lower than the model with the NTISS
score at 48 hours and gestational age. Birth weight was not
a statistically significant variable to predict mortality in this
multivariate analysis. This result is consistent with that of
Meadow et al16 in that gestational age was a more impor-
tant influencing factor for mortality than birth weight. In a
predictive model of mortality in VLBW infants constructed
by Lee et al,17 birth weight was not a statistically significant
factor and was excluded from the model. In addition,
Ambalavanan et al9 observed that the importance of birth
weight was attenuated in the prediction of death. Conse-
quently, with advances in neonatal care, the influence of
birth weight on mortality in VLBW infants seems to be of
less importance.
Infants with an NTISS score at 48 hours of 28 or above
had a higher rate of mortality, with a sensitivity of 100% and
specificity of 81.17%. However, the NTISS scores are based
NTISS scores in VLBW infants 113on the assumption that all physicians have similar philoso-
phies towards neonatal care. Differences in therapeutic
approach, training, and the clinical experience of physi-
cians affect the NTISS scores, and therefore they influence
the correlation between the scores and illness severity.
Differences in scores between NICUs indicate not only
variation in disease severity, but also diversity of therapy.
However, variability in scores can also occur between
different physicians in the same unit. Consequently, further
studies are needed to clarify whether these differences
affect the predictive value of the NTISS scores for mortality
in VLBW infants.
The major limitation of this study is the number of pa-
tients. This was a single-center clinical study, and, although
our NICU is a tertiary intensive care unit in southern
Taiwan, the number of patients was not large enough.
There is still a need to collect more eligible preterm infants
prospectively to examine the predictive capacity of the
serial NTISS scores.
In conclusion, the current study showed that the NTISS
score at 48 hours can predict mortality reliably in VLBW
preterm infants who are alive for more than 24 hours. In
addition, gestational age plays a more important role in
predicting mortality than birth weight in VLBW infants.
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